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COMPOSITIONS AND METHO !>S FOR INmBmHG WHITE SPOT 
SYNDROME VmUS (WSSV) I!OTCnON 

RELATED AFmCATTONS 
[0001 ] This application claioas fdority to U.S. ProvisitHial 'Paisat Application No. 
5 60/501,614, i5ied September 9, 2003, ttie contents of which are iacoiporerted herein by 
refareace in the ailirety. 

BACKGROUND OF THE INVENTION 
|O0O2] Vicai diseases are isajor problems in the shrimp aquacalture indus&y woildwide thst 
can result in I^ge econoojic losses. White Spot SyndroHie Vinas (WSSV) is one of the mo^ 
10 sigjuficant viraJ pathogens. Industry losses due to WSSV ftx^m 1 95)5-2002 exceed 8 billion 
US dollaxs. WSSV-infected skimp become lethargic, show a reduction in food coostimption, 
loose cuticle, and often exhibit "vii^ spot" mwJ^ the exo^leton. The virus infects most 

[0003] WSSV virions are enveloped nucleocapsids that are bacilliform in shape and about 
15 275 X 120 nm in size, with a tail-like projection at one end of the particle (Wongsleen^upaya 
Dj,?. Aqai Org. 21 :69-77, 1995), The double-stranded circular DNA geaoms is about 305 kb 
{see, e.g., vanHuUen et al.. Virology 2S6:7-22, 2001; WO 01/093^10; WO 02./2-2664; and WO 
03/070258). Based on the sequence and phylogenetie anaivc^es, WSSV is n suern:>tr of the 
genus Whispovirus witliLn a new vinis iamily called Nmaviridae, referring to the thread-like 
20 pSar exterassdon m tJie virus particle. 

{;0004] The double-stranded W^SV genome is encli^ed; in a protein coat that is in turn 
covered by a bilayer lipid mmsferane. Viral protems are inserted through ^ lipid monbrane 
md project &om &e surface of flie taahwe viiask lh& viral proteins int^fact with the receptor 
molecules on the surface of tfejs cells iwBg j^t of ^jrimp, wMc^i brings &e viral 
25 raembrsae in close proxiaaiiy vwth the shrimp cell membrane, thereby resulting in fusion of 
the two membranes, which allows the viral DNA to mtec the shrimp ceil, 

[0005] The WSSV genome has been sequenced (van Huiten et al, supra) and potential 
viral pxoteixis identified. Fotir viral proteins have been confianed to be expressed and located 
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as part of the nuciet>capsid or on the surface of the viral outer m&^ibrane. Vp28 and Vpi:9 
are on the surface of the vims, Vp35 md Vp26 are part of the n^icleocapsiA 

[6006] Inammioiogicai evidence suggests that Vp28 fimctiojtis on flie surface of the virus to 
Djediaie viral infbctioii (Vm Hufteai et at. Virology 285^8-233, 2001). 'ITiese studies were 
5 performed wifit antibodies to Vp28, which inhibited vitas jxi&ctioii of shiinjp cells. The prior 

art, however, did not demoristrate Qie region of Vp28 that interact \yith the receptor. 

[00&7] The present invention provides new Vp28 compositions and methods for inhibiting 

mm SlMtABY OF IHB INVENTION 
1 0 [00081 The cucreat inventitai is based on the discovescy ^ Vp28 is the mftjor jarotein that 
interacts wife WSSV jrec^tctf on <sFUs8*peaas, e.g., skta^j aad maiae imects. lh& invention 
therefore provides methods of Whfibiting'W^SV inffec^on by adimi5i^««ing ^ents fiiat block 
Vp28 interactions with its lece^jtor, Hje iaveaatioa ak» provides cai«psaitiostiSj Peptides 
or aattbo<Kes» blodk bindtjag of Vjp28 to the «»^*cai ibrnkty prevaaJii^ cr itiMbitiag 
15 WSSVemftyiRtoaceHl. 

BRIEF DESCRIPTION OF THE JMAWmm 
[0009] Fig. 1 illustrates varying degrees of protective effect against WSSV infection when 
^nimp were fed with polypeptides comprising Vp28 or Vp35 (at CDReeaatra.<ion$ of 25 grams 

per ton or 5 graisis per ton). Controls were also included. 

20 [001 0] Fig. 2 illustrates the survival of shrimp on diffi^mt diet afttar exjiositre to WSSV. 
DEFINITIONS 

[0011] A "Vp28 peptide" as used herein refers to a peptide that consists of an anuno acid 
sequence of at least 8 contiguous amino acids of positions 28-204 of SEQ ID N0:2. 
Preferably, a "Vp28 peptide" consists of an amino acid sequence of at least 44 contiguous 
25 amino adds of positions 28-204 of SEQ ID N0:2, i.e., this amino acid sequence may have at 
least 8. 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, or 43, and preferably at least 44, 45, 46, 47, 48, 49, 
50, 51, 52, 53, 54. 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 
75, 76, 77, 78, 79, 80, 81, 82. 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 
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100, 101, 102, 103, 104, 105, 106, 107, lOS, 109, UO, 11, 112. 113, 114, 115, 116, 117, 118, 
119, 120, 121, 122, 123, 124, 125, 126, 127, 12S. 129, 130, 131, 132, 133. 134, 135, 136, 
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, i4S, 149, 150, 151, 152, 153, 154, 
155, 156, 157. 158, 159, 160. 161, 162, 163^ 164, 165, 166, 167, 16S, 169, 170, 171, 172, 
5 173, 174, t75, 176, ^ 177 contiguous adds of portions 28-204 otSEQ ID NO:2. A 
"Vp28 peptide" is eficoded by a "Vp28 polynucleotide," bofti of which teams 8S used in this 
application include naliiraUy occunkg md reconibinant foiins» Also, a "VpSS peptide" and a 
"Vp2$ polynudeotide" may e3icon35»ass all i^adMts cott^msing one Of mcare conservative 
substiMioBS, are d^aibed in detail below^ ^vea that the viaiaBte do not alter the 
1 0 activity of a "polj^eptide contpising a Vp2§ |K^tide'* to inhibit WSS V infe«Jlion of Penaeus 
^^^^ 

[QOI 2] A "polypeptide comprising a Vp28 pq>tide" as used herein refers to a polypeptide 
that contauis a portion of its amino acid sequeace derived ftom a Vp28 amino acid sequence, 
is. , a "Vp28 peptide" as defined above, and the tmtmmg porti<m.(s) of its amino acid 
1 5 sequence is hetoroiogous to Vp28, dmved ftom a source other &an the full length Vp28 

t0OJ33 A*faU len^" Vp28 ^t©in or i8*&Ho add refers to ^polypeptide or 

polynucleotide seqnence, or a variant theareo^ that contains all of tire elements noimaliy 
contained in one or mare naturally occurring, wild-type Vp2S p&Iyimcleotide or polypeptide 
20 sequences. The "full length" may be prior to, or after, various stages of post-translation 
processing or splicing, including alternative splicing, SIQ ID >I0:2 is aa exmapisBry smm 
aoid sequence of a full length Vp2S polyps^jlide* 

[00141 The teams 'isolated," "purified," ox "bib&gi«jally pure" lefesr to mateaM that is 
substantially or essentially firee from camponenfe that normally accompany it as found in its 

25 native state. Parity and homogmeiJy are typically deteraiined using analytioal chemistry 
techniques such as polyaeryiamide geJ elasErc^&otesis Of hi;^ pcaf&nnance liquid 
dffomafcography, A protein or middc ^ is ttte predomiBairt $peeies pjcesoot ia a 
preparatiGa is substantialiy purified. In particnlar, an isolated nucleic acid is s^>arated &om 
some optai reading &mies that naturally fianlc the g^e and encode protdns other than protein 

30 encoded by the gene. The tsxm "pmSs^ in some embodiments denotes that a nucleic acid 
or protein gives rise to esseaitially one band in an electrophoretic gel. Preferably, it means 
to the nucleic acid or protein is at least 85% pure, more preferably at least 95% purs, iand 
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most preferably at. least 99% pm-e, 'Turify" or "p-ojificatioii" ia other einbodhneuts means 
ratnoving at least one contaminant ftsni the con^sitioat to be purified, iu diis sense, 
pttrificatjon does not require thid; the porifi^d pompoimd be hcsnogeaotis, e.g,, 100% pure. 

[0&15] Ifei terms "polyp^de," 'y5)titdte" and protein" are used intsrchangeably herein to 
5 refer to a polymer of mxm.0 acid r^daes. Ths terms apply to ^lixto add polymers in which 
one or srsore .irnino acid residue is an artificial e^temicjd mimetic of a conespoj-iding xiatoially 
occiixriiig atruiio acid, as well as to iiate£a% ocaeatring amino acidpoiyaiers, those coiitaiiiiiig 
modified reddse^ jBodacin-natiBfaHy ocemii^ mmo acid poljrai^. 

[001^ The tenn "aetnino add" refers to naturally occurring and synthetic amino acids, as 
1 0 well as mjim acid analog and amino acid mimetics that iunction similarly to the naturally 
occujiing acids. Katurally occurdag m^m acids are those encode^ hy the geaietic 
oode, a$ well as amino acids tttatm laibaf taodified, e.g.^hy«itoxyprftSne, 
caihoxyglutamate, and (>f»ho^h(>seaEme. Amfeo add aastlogs refera td Jtonipounds that have 
the same basic chemical stracture as a aaSimtty ocetatiag amino md, e.g., an a carison that is 
15 bound to a jbydrog<3J, a oaihoxjl ^o^, m soekoo groap, and an S. g)pc*£^, e.g. , horooserme, 
norleucine, inethioiane sulfoxide, methicailBB methyl sulfonium. Sudbt analogs may have 
modified R groups (e,g., aoidesKjitie) or mt^fit^ p^tide backbones, but retain the same b^ic 
chemical stnjcttire as a naturally occarring mmo aeid. Amino acid manetics refers to 
chemical compounds that have a structure that is different from the geaseral chemical 
20 structure of an amino acid, but that fonctions similarly to a naturally occuniag amino acid. 

JOOlTj Amino acids may be refeired to hmm by eitiMsr Ihear commonly known three letter 
symbols or by Ihe oae-letter symbols recarraraended by the lUP AC-IUB Biochmucai 
Nomenclature OHmnission, Nucleotides^ lils^wise, may be real ised to by theair ««^^ 

accepted single-letter eode^s. 

25 [0018] "Conservatively modified variants" applies to both amino acid and nucleic acid 
sequences. With respect to particuiar nucleic acid sequences, conservatively modified 
variants refers to those nucleic acids which encode identical or essentially identical atmno. 
acid sequences, or where the nucleic acid does not encode an amino acid sequence, to 
essentially identical or associated, e.g., naturally contiguous, sequences. Because of the 

30 degeneracy of the genetic code, a large number of fimctionaliy identical nucleic acids encode 
most proteins. For instance, the codons GCA, GCC, GCG and GCU all encode the amino 
acid alanine. Thus, at every position where an alanine is specified by a codon, the codon can 



4 



wo 2005/023992 



PCT/US2004/029438 



be altered to another of the corresponding codons described without altering the encoded 
polypeptide. Such nucleic acid variations are "silent variations/' which are one species of 
conservatively modified variations. Every nucleic acid sequence herein which encodes a / 
polypeptide also describes silent variations of the nucleic acid. One of skill will recognize 
5 that in certain contexts each codon in a nucleic acid (except AUG, which is ordinarily the 
only codon for methionine, and TGG, which is ordinarily the only codon for tryptophan) can 
be modified to yield a functionally identical molecule. Accordingly, often silent variations of 
a nucleic acid which encodes a polypeptide is implicit in a described sequence with respect to 
the expression product, but not with respect to actual probe sequences. 

10 [0019] As to amino acid sequences, one of skill will recognize that individual substitutions, 
deletions or additions to a nucleic add, peptide, polypeptide, or protein sequence which 

alters, adds or deletes a single amino acid or a small percentage of amino acids in the encoded 
sequence is a "conservatively modified variant" where the alteration results in the substitution 
of an amino acid with a chemically similar amino acid. Conservative substitution tables 

15 providing fimctionally simiiai- amino acids are well known in the art. Such conservatively 
modified variants are in addition to and do not exclude polymorphic variants, interspecies 
homologs, and alleles of the invention.typically conservati-ve substitutions for one another: 1) 
Alanine (A), Glyoiue (G); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), 
Glutamme (Q); 4) Arginine (R), Lysms (£); 5) Isoieucine (I), Leadn« (L), M^onine (M), 

20 Valine (V); 6) Phmylaiaiiine (F), Tytosiae (Y), Tryptophan (W); 7) Swm (S), Tbieonine 
(T); and 8) Cysteine (C), Methiamne (M) (see, e.g., Crdghton, Proteim (1984)). 

[0020J Macromolecular stracturejs sach as polypeptide structures can be described in terms 
of various levels of organization. For a general discussion of this organization, set?, e.g., 
Alberts et al, Moieadar Biology of the Cell (3"^ ed,, 1994) and Cantor & Schinmiel, 

25 Biophysical Chemisiry Part f: Tiie Conformation of BioiO!;ical Macrotnohiciiles (1980). 
'Trimary structare" refers to tlie amino acid sequence of a partieulai' peptide. "Seconduiy 
structure" refers to locally ordered, three dimensional stnicture.s within a polypeptide. These 
sinichires are coEnmonly known as domains. Dorn;iin.s are poitions of a polypeptide that 
often form a compact unit of the polypeptide and are typically 25 to approximately 500 

30 amino acids long. Typical domains are astade up of sections of lesser organisation such as 
stretches of p~sheet and a~helice$, **TertiaEy structure" rofesrs to the ccaijplete three 
dimensional structure of a poiypeptids monomer, "Qaaterasry structure" refos to the three 
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dimensional structure fermed, usually by the noacovalent asa>ciatioii of independent tertiary 

units. 

[0021] "Nucleic add" or "oligonuc]«oiide" or "poij^deotide" or grammatical equivalents 
used herdn laeans at least two nucleotide covate% linlced tOfige^er. Oligonucleotides are 
5 typically &om about 5, 6, 7, 8, 9, 10, 12, 1 5, 25, 30, 40, 50 or laote nucleotides in length, up 

io about TOO nucleotides in length. Nucleic acids and poiynucieotides are a polymers of any 
length, Iticluding longer lesgths^ e.g., 200, 300, 5!Xt, 1000, 2000, 3000, 5000, 7000, 10,000, 
etc. A nucleic acid of the present invcaition wiU generally contam phosphodiestef bonds, 
although in soiTse cases, nucieic acid analogs are included that may have aiterriate backbones, 

10 conipris5T!g, O.K., psio^phoramidate, phosphorothioaie, j)ru):-phorodilhioaLe, or O- 

metiiylpbophoroariudite ItnJcages (see Eckstein, OiigonucleuUdes and Analogues: A Practical 
Approach, Oxford University Press); and peptide nucieic acid backbones and iiakages. Other 
«!t;!lrH: uncleic .acid? jBchjde those -w-ith pOvnitive backboTjes; non-ionic backbones, and non- 
ribo;-e hsckbones, including ihoae described in U.S. Patent Nos. 5,235,033 and 5,034,506, 

15 and Ciiapicrs 6 Jind 7, ASjC Syniposiuin Series 580, Carbohydrate Modificalioiis in Antisense 
Research, Sanghui & Cook, cds, Nucieic acids containing one or more carbocycHc sugars 
are also included within one definition of nucleic acids. Modifications of the ribose- 
phosphate backbone may be done for a variety of reasons, e.g. to tacff^ise the stability and 
half-life of such mokcules in ^ysiologteal eaav&onments or as pnaties on a biodiip. 

20 Mixtur«s of aahwally occurrmgnuelejkj adds mi analogs can be madfs; alteraali^reiy, 

laiJ^BEreis of difi^mit mioleic acid aoalo;^, sad mixtures of naturally occardbg vmAnk aci<fe 
and aaiaio^ may be made. 

|0022j A variety of references discloss such nucleic acid analogs, including, for example, 
pbosphorairjdate (Beaucage et ai.. Tetrahedron 49(10):1925 (1 5^93) and references therein; 

25 Letsinger, J. Org. Chera. 35:3800 (1970); Sprinzl ct al., Eur. J. Bioohem. 81 :579 (1977); 
Leisiiiger et al., Nncl. Acids Res. 14:3487 (1986); Sawai et ak Chem. Lett. 805 (1984), 
Letsiijger et ai., j. Am. Chem. Soc. 1 10:4470 (1988); and Paawel.s et al., Chennca Scripta 
26:141 91986)), phosphorothioate (Mag et al.. Nucleic Acids Res. 19:1437 (1991); and U.S. 
Patent No. 5,644,048), phosphofodithioate (Briu et aj., J". Am. Chfsm. Soc. 1 1 1 :2321 (1989), 

30 0-methy]phophoroamidite iiukages (see Eckstein, Oligonucleotides and .Analogues: A 
Practical Approach, Oxford IMvesrsity Press^ and peptide nucleic acid backbones and 
linkages (see Eghohn, J. Am, Chesm. Soo, 1 14:1895 (1992); Meier et al, Chem. Int. Ed. Engl. 
31:1008 (1992); Nielsen, Nature, 365:566 (1993); Carlsson et al. Nature 380:207 (1996), all 
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of which are iiicoipofated by lefex-eiice), Oiher analog nucieic acids indiids tb.ose with 
positive backbones (Dei>pcy et 31, Proc. Natl. Acui. Sci. USA 92:6097 (1995); non-ionic 
backbones (U.S. Vateiit Nos. 5,386,023, 5/lV?,684. 5,602,240, 5,216,141 and 4,469,863; 
Kiedrowshi et al.., Angcw, Cl-iern. latl Ed. English 30;423 (1991); Lstsiager st al. J. Am. 

5 aieni. Soc. 110:4470 (1988); Urs;ng^r er; al, Nuckoside & Nucleodde 13:1597 (1994); 
(Jhapters 2 and 3, ASC Symposiuia Serifss 580, "Carbohydrnte Modifications in Aiitiscisse 
Research", Ed, Y.S. Sangliui and P. Dan Cook; Mesmaeker et al., Bioorganic & Medicinal 
Chmx. Lett. 4:395 (1994); Jef& et al., J. BioaioiecukrlSIMR 34:17 (1994); Tetr^iedrcai Lett. 
37:745 (199^) aadnoiirribose bsd^ones, induding mom descdbed m U.S. Patent Nos. 

10 .5,?35,033 md 5,<B4,506, md CSiapters 6 and 7, ASC Symposium Sedes 580, Xarbohydrate 
Modifications in Antissanse Rraeareh", Ed, Y.S. Sanghui and P. Dan Cook. Nucleic acids 
contaioing Goe (xr mme catbocycHc shifts ^ ^dso mcltided wMidn one de&uticHi of moleic 
(see StstMas et al., Oami, Soc. Rev. (1995) pp 169-176). Several maMo acid analogs 
are described in Rawis, C & E H«W8 Jmo 2, 1997 p«p 35. M of fees© njfeprawijes are Iwaeby 

1 5 expr^ly incorporated by refereaice. 

[00231 f^'ihcr analogs include peptide nucleic acids (I'i'^iA) wliich are peptide nucleic Mdd 
analogs. These backbones are suUstaatially xiou-ionic imdw ucxitral conditions, in contrast to 
the highly charged phosphodiester backbone of natarally occurring nucleic acids. This 
results in two advantage. Firs^ the PNA baddjtaie exhMts improved hybridization Idnetics. 

20 PNAs have krg^ change® in fee m^atoig teasparature (Tw) for nalscoatched ymm pesrfectly 
matched basepairs. DMA md RNA ty|>ically HxMAt a 2-4*^C drop in. T,p for aaa infeatnal 
mismatrfj. With the ncai4cp»c PNA ba«!icbone»tJ» drop ISbiatatiy, <feie to 

their non-ionic aatee, hybridizatifm of iffite base* attached to liteseljatiiaxjnes is rdatively 
tDS^sitive to salt oonot^iitration. M addition, PNAs are not degraded by ceUular cEoaiymes, 

25 and thus can be more stabler 

[0024] The nucleic acids maybe smgle sfranded or doiible stranded, as specified, or contain 
portions of both double stranded or single stranded sequence. As wiii be apprsciatsd by those 
in the art, the depiction of a single r-traod ai? o defines Ibi; sequence of the corRpiemeniary 
strand; llius the sequences described herein alju provide liie complement of the sequence. 
30 The luicleic acid tuay be DNA, boih gcuoniiic and cDNA, RNA or a hybrid, where the niicleic 
acid may contain combinations of deoxyribo- and iibo-nacleoti4es, and combinations of 
ba.ses, including uiacii, adeufee, thymine, cytosine, guanine, bosinOi, xanthine hypoxanJhine, 
isocytosine, isoguanins, etc. 'Transcript" typically refers to a natarally occurring RNA, e.g.. 
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a pre-mRNA, hnKN A, or snRKA. As used herein, the larra "nueieciside" includes riucleotides 
and flisdeosidc und niicleonde arialogs, and modified nucleosides such as amino modified 
nacieosldes. Jix addition, "nucleoside" jucKidss aon-rtatorally occurring imaiog structures. 
Thus, e.g. the individual units of ap^tide nucleic acid, each coataining a base, are referred 

(0025J The term "recombinant" when used with reference, e.g., to a ceil, or nucleic acid, 
pmiein, or vector, indicates that the cell, nneledc acid, protein or vector, has been modified by 
the introductioii of a heterologotjs nucleic acid or protein or the altexation of a native nucledc 
acid or protein, or tliat the cell is derived froas a cell so modified, 'ihm, e.g., recombinant 

10 cells express ncv.cs 'h&t are not fourid within the native (non-rscombingcot) form of the cell or 
express siaiive genes thai are otiierwise abGonnally expressed, under expressed ornot 
expressed at al!. By the term "recombinant nucleic acid" herein is meant nucleic acid, 
originally fomted in vUro, in general, by the inanipuiatiou of nucleic acid, e.g., using 
polymerases and endonucleas^, in a form not normally found in nature. In thk manner, 

15 opatably linkage of ditferent sequences is achie-ved. Thus an isolated nucleic acid, in a linear 
fotm, or an expression vector fonnod in viiro by ligating DNA molecules that are not 
normally joined, are both considered recombinant for the purposes of this invention. It is 
understood that once a recombinant nucleic acid is made andreittfro^siced into a hast cell or 
organism, it will replicate xtcm-FBCombinaaitly, Le^ usdng ttte in vivo ceOslar machii^ry of the 

20 host cell raUier titoa in vitro mBsmpvS^ikmi however, such nncMtJ aotds, cmm podtaced 
recombinantly, althoagh suhsetjueafly i^Mc^ed non-imjinbinantly, are sejII considered 
recombinant for the purposes of the invesatitai- Similarly, a "recornbhiaut protein" is a protein 
made usmg recombinant tedhuiqoes, i.e.» thtoui^t flae ejqpressioti of a r«o<»Kbii^ Hmdeic 
acid as depicted above. 

25 [0026] The term •T3tetoologous''whaatKfed With refiffence to portions of 

indicates that the nucleic add comprises two or more subsequences that are not normally 
found in the same relationship to each other in nature. For inistance, the nucleic acid is 
typically recombinantly produced, having two or more sequences, e.g., from um-elatsd genes 
arranged to make a new functional nucleic acid, e.g., a promoter from one souice and a 

30 coding region from another source. Shnil^ly, a heterologous protein will often refer to two 
or more subsequences that are not fouad in the same relatioftsMp to each, other in n^e (e.g., 
a fusion protein). 
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10027] A "promoter" is defined as au an-.ay of nucleic acid contxoi seqasnces that direct 
transcripiioii of a nucleic acid. As used berem, a promoter iriciudes nescesaary aacleic acid 
sequesces near the start site of transcnptiori, such as, in the case of a polynte^c H type 
promotes:, a TATA element. A promoter also optionally includes distal eciimicer or repressor 
5 elmwarts, v/hich cm be located as ratidi as several thousand base paSis from the start site of 
transOTptiott. 

[0028] A "constitutive" promoter is a promoter that is active ntider most ^viromnental ajad 
deveioptBental conditions. An "iiiducible" promoter is a promoter that is active imder 
envixonmentai or developmetital regutotioTi, The tenu "operably ttafced" refers to a 
10 fimctional linkage belwcerj a nucleic acid expr«^5oa control sequence (such as a prortiotej, or 
array of trar5SGripiiox\ factor binding sites) and a second nucldc acid sequence, wherein the 
expression con iroi seqneaKSe ^tects tiwaffinljgtibii of the nucleic caew^MjndBng to the 
second seqiimce. 

[0029] An "expression vector" is a itttic^dp acid construct, gemsarated recombinantiy or 
15 synihdieaBy, wi& a series of ispedfied iatels3j& md elements &at pfecmit transc#tion of a 
pai^cwl»r tmeleic acdd in a host celt Tbe ejcpresssion vector cm be part of a plasmid, viias, or 
imcleic acid fiagment. TyjaeaJly, tihie estpassaoa vector iijohides aatjcleic add to be 
tmscribed operably liiA:ed to a promoter. 

[0030] T he phrase "selectively (or specifically) hybridizes to" refers to the binding, 
20 duplexing, or hybridizing of a molecule only to a particuiar nucleotide sequence under 

stringent hybridization conditions when tt^ sequeaace is iscttseat m a comptex mixture (e*g,, 
total cellular or librsay DNA or SNA). 

{00313 The phrass '^tringesat hyhridi^oa coaditicais" tefm to eotiditiotK under which a 
probe will hj*ri(fi2e to its tai^et subsequence, tjpically m a ccsmplex mixture of nucleic 

25 acids, but to no otftsr sequences. Striagcaftt coirfitions are sequence-dependent and will be 
different in different circumstance LoijpF seqaenoes kylmMm specificaUy at Irig^ier 
temperatures. An extensive guide to the hybridization of nnclelo adds is fouad in Tijssen, 
Techniques in Biochemistry and Molecular Biohgy '-'Hyhridization with Nml^ic Prober, 
"Overviev/ of principles of hybridization and the stiategy of nucleic acid assays" (1993). 

30 Generally, stringent conditions are selected to be abont 5--i 0"C lower tJ-ian the thermal 
melting point (Tm) for Hie specific sequence at a defined ionic strength pH. The Tj„ is the 
temperature (under defined ionic shsngth, pH, and nucleic con©t«Etmtion) at which 50% of 
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the probes coiisplsmeataiy to the target hybridise to the target sequeaice at eqailibriuin (as the 
target sequeiices are present in excess, at Tm, 50% of the probes are occupied, at equilibriuBs). 
Stiingeiit conditions vAW be those in which the salt concentratioii m l€ss thaxi. about 1.0 M 
sodium ioiv, typicaliy about O.Oi lo 1.0 M sodium ion concentration (or other salts) at pH 7.0 
5 to 8.3 and liie t^aperature is at tea^alsomt 3(f C for shM probes (e.g,, 10 to 50 nudeotides) 
and at least about 6(fC far long probes (e.g., greater than 50 nucleotides). Stringent 
conditioas may also be achieved wife the addition of destabiliEing agents such as &nnamide. 
For seledive car ^cific kytasdizMoa* a positive sigaal is ^ lesast two tfeaes badcground, 
pref^^iy lO^es bacfcgroaud hj^iiaato. &cerai>l«ay stringesnt hybridizatioti ooEtdifions 

10 can be as following: 50% fonttamid^, 5x SSC, and 1% SBS, ittcubating at 42*'C, or, Sx SSC, 
1% SDS, incubating at 65*C, with wash ai 0,2x SSC, and 0.1% SDS at 65°C. For PGR, a 
tempesrature of about 36*C is typical fiff low ^ttaigency amplification, although aBoneaHng 
temperatures may vary between about 32*C mi depending on primer length. For high 
atniigcficy FC^R iiraplificatiou, a temperature of about 62'C is typical, although higli 

15 stringency anncaiing temperatures can range from about 50°C to about 65*^0, depending on 
the primer length and specificity. Typical cycle conditions for botli high and low stringency 
amplifications include a denaturation phase of 90°C - 95''C for 30 sec - 2 min., an anneaiing 
phase lasting 30 sec. - 2 misi., and aa extension phase of ^ut 72**C for 1 - 2 min. Protocols 
and gaidslines ibr low md, high steioppey ipaplificj^tHi leacticHis are provided, e.g-, in Jnnis 

20 ettd. (1990) POtProtocob. A Guide io M^thod^ and Appticatkms^ Aeadoiaic Press, Ibc. 

■«^:). 

[0032] Nucleic acids that do aot hybridise to each other under stringent conditions are still 

s!.3bstaBtia]ly identical if the polypeptides which they encode are substantially identical, lliis 
occurs, e.g., when a copy of a nncleic acid is created lismg the maximum codon degeneracy 

25 pennitted by the genetic code, hi such cases, the nucleic acids t>'pically hybridize imder 
moderately stringent hybridization conditions. Exemplary "moderately stringent 
hybridization conditions" include a hybridization in a bufler of 40% fomiamide, 1 M NaCl, 
1% SDS at 37°C, and a wash in 1 X SSC ai 45''C. A positive hybridization is at least tv/ice 
background. Those of ordinary skill will readily recogsixe that aiteniative hybridization and 

30 wash conditions can be utilized to provide conditions of similar stringency. Additional 

guidelines for determining hybridization parameters are provided in nanieroa.s refereace, e.g., 
Sambrook etaL, Molecular Cloning, A Laboratory Manual (3rd ed. 2001) and Current 
Protocols in Molecular Biology (Ausuhel eta/., eds., 1994), 
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[0033] An "antibody" refers io a glycoprotem of the iiiQinuxioglobiilm family or a 
polypeptide coiTiprising fragmests of m Ixttmimoglobiilin tliat is capable of GoncovalentJy, 
reversibly, and in a specific sximn&c bindii^ a corresponding antigen. 'Hie typical antibody 
stnictural uuit is a tetramef. Each telxamer is composed of two ideatical pairs of polypeptide 
5 ohabK, each pm haviag <«ie ''Ugihr (about Z5 lij>) and one 'lieavy** diaia <^ut 50-70 kD), 
coaoiKJted feroti^ a disulfide bond. The recopized immimoglobTilin g^es include the k, X, 
a, 7, d, e, aad constant region gcaies, as well as the myriad inmnraoglobuUn variable region 
genes. Id^t chains ai& classified as either KtsX Beavy chains ms classified as y, 11,0, 8, or 
e, wMch in ttan de&ie the iDttnuno^bttUn classes^ :feG, IgM, IgA, IgD, and IgE, 
10 respectively. TheN4enrtinusofeachchaind6finesavariablereg|onof about lOOto llOor 
more amino acids priinariiy reg>onsible for antijgeai recognition. The teams variable hght 
chain (Vt) and variable heavy dbmx (Vr) ref^ to titese regions of light md heavy chains 
selectively, 

[OO343 The term antibody, as used Imm^ iml&des botti monoclonal and polyclonal 
1 5 anttbodi^, and eacom|>asses ailibodies raised in vivo, e.g, , produced by an ai^mai \xpon 

immunizatioa by an aiatig^ and antibodies generated in vitro, e g., genmted by l»s?bridosaas. 
This term further esicompasscs single chain aittifaodies (ScFv). 

[00351 For preparation of monoclonal orpolyGbnal antibodies, any teo&aUpe known in the 
art can be used (see, e.g., Kohler & Uih^^ Wmav 256:495-497, 1975; et a1., 

20 Immunology Today 4:72, 1983; Cole et al, McjtoclcHEial Aatibo^«s snd Cancear Therapy, pp. 
77-96. Alas R. Uss, Inc., 1985). Techniques hx the pxiduction of sm0St tshatn ^tibo^es 
(U.S. Patent No. 4,946/778) can be adapted to produce antibodi^ to polypeptides of this 
invenfioa. Also, transgenic mice, or other organisms such as other mamniais, may be iLsed to 
express hnaismzed antibodies. Alternatively, phage display teclmology can be used to 

25 identify antibodies and heteromeric Fab fragmeuts ihat specifically bind to selected antigens 
(see, e.g., McCafferty et al., supra\ Marks et ai., Biotechnolo^, 10:779-783, 1992). 

[0036] The term "specifically hind* ^®:i^«fd herein to dfiSGribe intesraedon between an 
antigen, e.g., a Vp28 polypeptide, and m ^body refers to the -^t that detection of any 
antibody bound to a particular aoi^gew is d«N»minative of the presence of the antibody against 
30 the antigen, often in a heterogei^usijpqpuia^on of other anMbcidies and proteins. Under 
designated immunoassay conditions, a idi^JBptaible signal is designated as one that is at least 
twice the background signal. Thus, a specific aatigea-antibody binding should yield a signal 



11 



V/OimmnmZ PCTAJS2004/029438 

at least two times the background and more typically mare fttan 10 to 100 times the 

backgi'oarid. 

|0037| The term "inhibition of White Spot Syndrome Vims (WSSV) infection" as used 
herein refers to a red^ioed incid^Bce or severity of WSSV lafeo^n in animais of the 
5 susceptible species, as sho^wil ia rediiGed number of animate n!ianifesting s>nnptonis of the 
disuse, ii«sfu&ig deafih, following csxposure to WSSV. MabitJon of WSSV infection is 
adbieved whm s peptide decreases infectivity by at least 10%, often by at least 20%, 
typically by at least 50% or m<»re relative to a control popnMoa 

[0038] The teem "cntstaceasi'* 9» nsed bemu includes my ^ aH cnistacean species, which 
1 0 include those commonly refetred to as *'jdmmp," "crabs," "lobsfets*" such as Penaeus, 
Litopmmm^ Mms^pmaeus^ Fenn^cpmaeus, and Fatfant^maeus. 



I>BTAim) DBS<WnON OF m MVMION 

[003$] The cuaxeitf inventioB is based on the disjsjyjefy iStot protein Vp28 mediates the 
15 bin^Bi^ between WSSV aad eeB smfia<» receptors^ a necessary stejj dming WSSV infection. 
Thus, the present disclosure provides an effective means for inhibiting WSSV infection by 
administering virus-free Vp28 protein to species susceptible to WSSV infection, such that 
cell surface receptors will be not available to WSSV. Fragments of Vp28 (as well as' their 
corresponding coding polynucleotide sequences) have been finUier identified in this invention 
20 for their ability to block WSSV binding and thus inhibit WSSV infection. Accordingly, 

polypeptides comprising at least one such functional fragment of Vp28 can be used to inhibit 
WSSV infection of shrimp, lobsters, CTabs, crawfish, and other crustaceans. 



IL Vp28 Polypeptides 

(0040] Vp28 polypeptides are fragments of Vp28 tiiat have the ability to inhibit WSSV 
25 infection. Such fragments comprise at le^st 8 contiguous amino acid residues from positions 
28-204 of SEQ ID N0:2. The polypeptides can be of any length, but are preferably 150 or 
fewer amino acids in size. Exemplary iiagments are set forth in SEQ ID NOs:3-8. Vp28 
polypeptides include variants that comprise conservative substitutioiis that retain WSSV- 
inhibitory activity, such as Val fi^Lea, fof Glu, Lys for Aj^ or His, and Qiy for Sear or 
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[0041. 1 WSSV-iTibibititig activity cm readily be determined using techTiiques kuosYn in Ihs 
ail For example, a peptide can be evaluattsd for the ability to inhibit WSSV ixifsetion of a 
populatioii of shriiKp or other crustaceatts> using methods ex^tapUfied ia Exaxapie 2. 
Infection is tj'picaily assessed by determinitig survival of the animals folSowing infection. 
5 lahibition of WSSV irJectioa is achieved when a peptide decreases infectivity by at least 
1 0%, often by at least 20%, typically by at feast 50% or inore relative to a control population. 

[0042] As appreciated by one in the art, the level of WSSV infection can also be measin-ed 
using eaadpoints other thaea swrvival. For exan^le, levels of infection can be dfieitnined using 
antibodies to WSSV proteins, incltidiQg antibodies to the Vp28 polypeptides of dae iaveatiQii, 
10 to determine infectivity. 

A. Recombvaajcit,Fipdactt(^ ifi1>rdcaryQtes aad mikmsm. 
[0043] Vp2$ polypeptides t*f flit! |H3es^t invKstkm can be produced using routine 
tschmques ia the field of recorablimt get«itt<J8, r«Jyiiig era fhepolpEftclBOtide sequences 
encoding the polypeptide diselo-sed hex&m. texts teadbing ibt psoetsl methods of 
15 reaaabiiiiaittte©hm<pfes used io MtrnveatMrn ine&ide Ssaribrook Molecuker Cloning. A 
Lahemaaiy Mamtal (3rd ed. 2001); Kriej^ar, Gene S^ansfer and Rigtressian: A taboratory 
Mamalil99Q); and Cwr&tt Protocols in Moheular Biology {Amih&t&tat^Ms., 1994)). 

[0044] For nucleic acids, sizes are given m either kilobases (Ms) or base pairs (bp). These 
are estimates derived from ag^ose or acrylamide gel electrophoresis, from sequericed nucleic 
20 acids, or from published DNA sequences. For proteins, sizes are ^ven in kilodaltons (kDa) 
or amino acid residue numbers. Protedns sizes are estimated Itom gel electrophoresis, from 
sequenced proteins, from derived amino acid seqaeoces, or from pii^lished proteia sequences. 

[0045] OKgDiattcIeotides that ^ not coratmexciaUy available cm be dbiranicaily synthesized 
according to the solid phase phospferamidtife trfester method fii>,t desssdbed by Beaucage & 
25 Camthers, Tetrahedron Lms. 22:1859-1862 (1981), using an automjated synthesizer, as 

described in VsEttDevantac^ id,,tfudeic Acids Res. 12:6159-6168 (1984). Purification of 
oUgonucIeotides is by dthernalive acrylamide gel electrophoresis or by anion -exchange 
HPLC as described in Peaisoa Sc Reanier, J. Chrom. 255:137449 (1983). 

[0046] The seq^ce of the cbaed g«ae« and synthetic oHgoaaoleotides can be verified 
30 after cloning using, eg;, the tilmciMi^^^ms^A for mprnM^ dffuble-strandeEJ 
templates of Wallace et al, Gem 16:21-26 (1981), 
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Expression Systenis 

|'0047| To obtain high level expression ofa mieieic acid sncQdixig a Vp28 pol>peptide, one 
i;>'T>ic}!!iy subclones a polyriucleotide encoding flie Vp28 polypeptidi? into an. expression 
vector thai contains a strong promoter io direct transcriptioii, a txanscriptioii/traaslstlon 
5 terminator, and if for a nucleic acid encoding a protein, a ribosome binding site for 

tranvSiational initiation. Suitable bacterial prcanoters are well, known in the art and described, 
e.g., in Sainbrook et al, supra, aiid Ausabel et al, supra. Bacterial expression systexris for 
esqpressa^ the Vp28 polyp^^jtide are aEvailaMe in, e.g., E. coli. BadOus sp.. Salmonella, and 
Caulobaefer. Kits M stjch catpi^ssba syi^^m ^ commercMy aviwlaibfe. Eakaryotic 
10 expression systeams for mattB»aIian cells, y^ast, and insect cells ste w&ll known in the art and 
are also conmereially available. In one embodiment, the eukaBryofic expression vector is an 
adenoviral vector, an adeno-associsted v'eclor, or a retroviral vector. 

[0048] The promoter used to direct expression ofa heterologous nucleic acid depends on 
tlie particular applicatioiL The proinoier is optionally positioned about tiie same distance 
15 irom the betcrologoiiy iran.scriptic.n start sits as it is from the ttanscription start site in its 
natural sorting. As is known in the art, however, some variation m fiaS distance eanlje 
aecommodatetl without loss of promoter function. 

[0D491 In addition to the promoter, flbe exjHsssicm vector typicaKy oontMisa a &«a)6a^ 
unit or esspiessioii eassetfes th^ contsffias ^ tie &6Mmal el^«ats reqtiiisescl i»r ft^ 

20 sxpies$ionoftlieVp2Bpolyp^»tide"etw;odingniKdeicad A Epical escptesdc^ 

cassette thus contains a promoter operabfy United to ^e nacieic acid sequence encoding the 
Vp28 polj-peptide and signals required for efficient polyadenylation of the transcript, 
ribosome binding sites, and (taasladtioaa termination. The nucleic acid seqiience encoding 
Vp28 may typically be linked to a deavable signal peptide sequence to promote secretion of 

25 the encoded protein by the transfcwjiii^ ce!l. Su£^ signal p«|»ddes would incinde, among 
othere, the signal peptides from tissue plasminogen activator, insnlin, aiid neuron growth 
factor, and juvenile hormone esterase otHeiiothis virescens. Additional elernenLs of the 
cassette may include enhancers and, if genomic DN..A. is used as the stnicturai gene, introns 
with functional spUce donor and acceptor sites. 

30 [0050] In addition to a promote seques^ce, the expression cassette i^onld 2^ contain a 
transcription termination region dowssfeesKn of the structeal gscte fes provide for efficient 
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tenXiinatiGri. The tenninaiior. region may be obtained from the same geae as the promoter 
sequence or may be obtained firom differ^t genes. 

[0051 1 The particular expression vector used to transport g^etic information into the 
cell is not p^cularly ciiticaL Any of lh« ©Mivemtional vectors tmsb4 for exprs^a in 
5 6ak^otic<»'pr<>k8ryotic cells may be »$6(t Standi bat^edale^^ressicmvsctoi^ include 
plasraids such as pBR322 based pi^nids, pSKF, pET23D, and fn^on 63q>res«ion systons 
such as GST and LacZ. Epitope tags can also be added to recombinant proteins to provide 
convenient methods of isolati.ox), e.g., c-myc. 

{0052] Expression vectors containing regulatory elements from eukaryotic viruses are 
10 tjpicdiy used in eukaryodc expre^ssion vector, e.g., SV40 vectors, Jn^illoma virus vectors, 
and vectors derived bom Epstem-Bair vin^, Otiier exemplary ettoeyotic vectors include 
pMSG> pAV009/A*, pMTOl(VA*» pMAMn60'5, baculovirus pDSVE, and any oSier vector 
allowing expHssssion of proteans undesr tiie dfeec^n of the SV40 early promoter, SV40 later 
prcHtnoter, metallottaoneia promoter, nautine mammary tumor visas promoter, Rous sarcoma 
15 virus pramotear, polyhedbrm promotier, otb£srpmQ0tets shown e:@bctive fox expression in 
eakarj^tic cells. 

p)053] Some expression systems have markers tiiat provide gene i2rt-ip!ific?ition such as 
thymidine kinase, hygroraycin B phosphotraxisferJise, and dihydrofolate reductase. 
Alteniatively, high yield expression systems not involving gene ampliiication are also 
20 suitable, such as using a baculovirus vector in insect ceils, with a Vp28 pol>^)€ptide-encoding 
sequence under the direction of Ibepofjiidyn: promoter or other stsong baeatloviins 
promoters. 

[0054] The elements that mi typke^ j^tictuiled in expr^skm vectois afeo include a 
replicon that fimctions in E. coti, a geaie Kidodag aatibio^c resistance to permit selection of 
25 bacteria tliat harbor recombin^t pl^^xdds, ssad unique restriction sites in nonessential regions 
of the plasmid to allow insertion of etflj^o^c sequences. The paaii(ailar aatibiotic resistance 
gene chosen is not critical, any of the mmy r^stance gmes known in l^ie art ape suitable. 
The prokaryotic sequences see optionally chosen such that ftiey do not intofere wiSi the 
replication of the DNA in eukaryotic ceik, if necessary, 

3D [0055] As discussed above, a pmm siaSed m the art will secogaiaie &at ^^ous 

conservative substitutions can be made to »ny Vp28 polyp^tidc or itB coding se<|uence while 
still retaining its WSSV-biocking activity. Moreover, modlfioationg of a polynucleotide 
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codkg s&y&moQ my also be made to 8cc<H2UQodate preferred ccxloft usa^e m a paiticukr 
cxparessiojj host without altering &e arm»o acid sequcaace of a Vp2$ polypeptide. 

Transfeciion Methods 

(0QS6] Standard traxisfection methods ;?re used to produce bactexlril, maTniTiaHan, yeast or 
5 insect cell lines that, express lax-ge quantities of Vp28 polypeptide, which are thsn piirifisd 
using stju-idard ttxhniqu&s {■;£'tr. e.g., Coiiey et ai., J. Biol Chem. 264:17619-17622(1989); 
Guide to Protein Purificaiion, in Methods in Enzymology, vol. 182 (Deutscher, ed., 1990)). 
Traasfoimation. of ei3kar>'otie and prokaryotic. cells sre perfonusd according to stsndard 
techniques (see, e.g,,UGmsorL,J. Bad. 132:349-351 (1977); Clark-Cuitiss & Curtjss, 
iO Methods in Enzymology 10X:347-362 (Wu et a!., eds, 1983> 

peST] Any of ttas wd3 Imown ptocediK«s forkitfodiaoiEg fbreipiiaicfeotide sequaoees into 
ho^ cells maybe ttsed. Utese iaohtde the use of c^ciem pho^fdjate tsmafeo&a&t polj^t^soe, 
protoplast fusion, electB?porati<a3i, fiposoHM», oiitaroiEgectioin, plasma vectors, viral vectors 
and any of the other well known ttielliods fiarintrpdiicing cloned genomic DNA, cDNA, 
15 synthetic DNA or other foreign genetic material into a host cell {s^, e.g. , Sambrook et al. 
supra). It is only necessary that the particular graietic enpneeringprocedare lised be capable 
of succGssfbliy mtiwJucing at least one gjeae iato the host cell capable of ea^ptessing Vp28 
polypeptides. 

20 [005BI Ajtear the ejq^essdoQ vec^<M- is iiBitodaced iato the celts^ tte tnKt$^«st@d ace 
cultured tinder Gonditi(»is feR^oring expression of tiie Vp28 poIyp<|>titd^ iisihScliisim*^^ 
fsxm the cuitims osing steodaid tedteipes (see, «.g.. Scopes, PnOem PwtpmUon^ JPr^^im 
and Practice (1982); U.S. Patent M)* 4^673»641 ; Ausubel et aL sv^ra\ aod Sambrook et al, 
supra). 

25 1. Purification of I>rot3^s it«i»^B^ 

[0059] When Vp28 polyp^des of pfeseat invenfiott piodaced reconibinaxttly by 
transformed bacteria in large ataouats, tjpcally after promoter induction, although 
expression can be constitutive, the proleiiis may foim insoluble aggre^tss. There sate several 
protocols that are suitable for purificafiott of protein iadusioa bodies. For example, 

30 purification of aggregate proteim (hsf^aafter refened to as inclusion bodies) typically 
involves the extraction, separation and/or purification of iaciusiott bodies by disruption of 
bacterial cells typically, but not limited to, by incub^on in a buffer of about 100-150 jAgAnl 
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lysozv^ns arid 0,1% Noniciet. P40, a non-ionic detergent. '.Fhe csil suspension can be ground 
using a Poh'tron grinder (Brixila^iaji Iiisiranienis, Westbuxy, NY), Aitematively, the cells can 
be sonicated on ice. AJteraate methods of ijreing bacteria are described in Ausubel et al, and 
Sambrook et al, boili stq>ra, aad will be ajpparoit to those of skiil ia fih.e art. 

5 [0060] Hie cell suspmsion is gi^eraUy centri&ged aad ttie pellet; cositainiBg the inclusion 
bo<Mes resui^ended in buffer which does sot dissolve but washes the inclusion bodies, e.g., 
20 BiM Tris-HCl (pH 7.2), 1 mM EDTA, 150 mM NaCI and 2% Trilon-X 100, a non-ionic 
detergent It amy be necessary to t&p^ the w^ah step to remove as much celluiar debris as 
possible. The remaining pellet of isohj^OB bodies may be lesuspended in an appropriate 
10 bjjifisr (e.g. , 20 jnA4 sodium phosphate, pH 6.8, 150 mM NaO). Ofher ^>propriate buffers 
will be apparent to those of skill in ttie ait. 

[00611 FoUowiag the washtag sftep, the indasion bodies are solabilijsedby the addition of a 
solvent that is both a strong hydrogen accseptcsr and a strong hj^liogen donor (or a 
combusation of solvaots each having om of ttese piopatles), I'he proteins that formed the 

1 5 inclusion bodies may &en be reoatored by ^io&m car dialysis wiIl a compile bu^. 
Statable solv^rfss include, but are not limited to, utea (ftom about 4 M to about 8 M), 
formamide (at least about 80%, votarae/votuiiie basis), and gaanidine hydrochloride (from 
about 4 M to about 8 M). Some solvents &at are capi^le of sohibilizing aggregate-fonnitig 
proteins, such as SDS (sodium dodecyi SBlfate) aad 70% foiroic add, at»iiKg>iaopiate f««r 

20 use in this procedure due to the posaability of krefmsible deaiatiJBT^Eion of tbe protems, 
accompanied by a lack of immunogeniKlty and/or activify. Although panidine 
hydrochloride and similar agents ai» deamturrats, this d^atoration is not irrevereible and 
renaturation may occur upon removal (by dialysis, for example) or dilution of the denatwant, 
allowing rs-formation of the immunologically and/or biologically active protein of interest 

25 After solubilization, the protein can be Sie^jsrated from o&er ba<^ed:£^ prsleins; by ^Mdai^ 
separation techniques. 

[0062] Alternatively, it is possible to pmfy proteans, &g„ a jtsocsixbiBanl: Vp28 polypeptide, 
from bacteria periplasm. Where the reeombinmit protein is exported into the pei^lasm of jhe 
bacteria, the periplasmic fraction of the bacteria can be isolated by cold osmotic shock in 
30 addition to other methods known to those of skill in the art Ausubel et al, supra). To 
isolate recombinant proteins from thepedpla^m, tlje bacterial ©eEs are c^trifiiged to form a 
pellet. The pellet is resuspended in a buffssr containing 20% sucrose. To iyse the cells, the 
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bacteria are centri&ged and the pellet is rcsuspended ux ice-cold 5 mM MgS04 and kepi in an 
ice bath for approximately 10 minutss. The cell suspsaision ss ceMrifuged and tha 
supernatant decanted and saved. The recombinant proteins present in &e supernatant can be 
sq)arated firona the host proteins by standard s^aration technique well known to those of 
5 skill in the art 

2. Standard Protein Separation Tisd^sdq^e$ For FiuMcatiofi 
fa) Solubility Fractionation 
[0063] Often as an initial step, and if tlie protein mixture is coinpiex, an initial salt 
fractionation can separate many of the ujjv/anted bast cell proteins (or proteins derived from 

1 0 the ceU culture media) from the re(x>inbinarit protein of interest, e.g., a recombinant yp28 
polypeptide. The preferred salt is ainincffittata Silifete. Ajomomum s«lfete precipitates 
proteins by effectively reducing the aajDHB* of water in Uks proteia mixtofe. lhx>team Ifaen 
precipitate on the basis of their solubility. tb&moTe hydroplK^Jc a protein is, the more likely 
it is to precipitate at lower ammonimxi sul^e coneentcatloQS. A typical protocol is to add 

15 saturated ammonium sulfate to a ptotein soNicai so tibat the lesoltmtaniaiwiiiii^ sulfide 
concentration is between 20-30%. TMs Will pecipitjtfe the most iiydropl^biepmt^^ The 
precipitate is discarded (unless the protein of interest is hydrophofeio) mi mmomm sadfate 
is added to die supernatant to a concentration known to precipit^ the prot^ of mtearest 
The precipitate is then solubilized in buffer and the excess salt i^ovMlf necessa]^^, tbi!&a|^ 

20 either dialysis or diafiltration. Other methods that rely on solubiitjf of pmteltJiSi, sacb; as eoM 
ethanol precipitation, are well known to those of skill in the art «^ be ased; fe 1^ 
complex protein mixtures. 

{bj Size Differential Filtration 
[0064] Based on a calculated molecular weight, a protein of gyeater and lesser size can be 

25 isolated using ultrafiltration tlirough membi^es of different pore sizes (for example, Anjicon 
or Millipore membranes). As a first step> ttte protein mixtiKe is ultrafiltered tlurough a 
membrane with a pore size that hm a jbw^ molecular weij^t <M-<i£^ ^tsm molecular 
weight of a protein of interest, c.^., a V|*28 polypeptide. The reteatate of flie ultyafiltrstion is 
then ultrafiltered against a meEdbrmo Mtti ^ iftolecular ait off greater than the molcsculgx 

30 weight of the protein of interest. The reeombioant protein will p&m through the membrane 
into the filtrate. The filtrate can tbea be cshrtHsatographed as descdbed below. 
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(c) Column ChroxnalograpUv 
[0()65'j Tlse proteins of mterest (such as Vp28 polypcpMdes) oasi also be 3q)3rated from 
oUier proteins on the basis of their size, «&t isurface charge, bydrophobicity and affinity for 
ligands. Iri addition, antibodies raised against Vp28 polypeptides c&a be conjugated to 
5 coluiTiri matrices and tiie Vp28 polypeptides IrEBmunapurified, AH of these methods are well 
fcaovrai in the art- 

169661 It will be apparent to one of skill that chromatographic techniques can be performed 
at any and mi&g eqmpmissi from many dt^reot mfflooifecittttcsrs (e.^., Phatmacia 

10 B. C hem ici il vSvnthes tsof Vt>28 Polvyep tides 

[0067] Aiteixiatiyeiy, Vp28 polypeptides of the preseiat inveution may be syrithesiKcd 
chemically using conventional peptide synthesis or other protocols well knowt) in the art. 

[0068] Polypeptides may be synthesized by soiid^hase peptide synthesis methods using 
procedures simitar to those demibed by MeMiBe^ (^m> Se»Xf8$tZH9~21S6 

15 {19B); Bmmy and Meirifield, S&m-Fhas0j^tids S^esis. in the F^^: ;M^U, 
Syfithesis, Biology Gross and MeieiJ^lofer (eds.). Academic Press, N.Y., vol, 2, pp. 3-284 
(1980); ml Stewart et al., SoM Phase Peptide Synthesis 2ad ed.. Pierce Chem. Co., 
Ro<M)r4 Bl (19B4). Dijring synthesis K-^f^^iiOfecijed amino acids having protected side 
chams sre added st^wke to a growini; polyp^tide ch^ linked by its C-terminal and to a 

20 solid support, i.e., poij^tyreaae beads. The peptides are synthesized by Imjtejj^m mkm 
group of an N-OHiqprotected amino add to m 0!-cart>oxy group of aai N-£»-|smtect6d attano 
acid tiiatli^ bem a<^vated by reac4ioig it wtih a reagent such as dicyclohexylcarbodiimide. 
The attachment of a free amino group to fee afittvated caiboxyl leads to peptide bond 
foxijiation. The i ()osi ci.-i; ■iv.only used N-ct-protecting: groxips indlldeBoCj which js acid 

25 labile, and Fmoc, wMch is base labile, 

[0069] Materials suitable fcr us© as the solid sj^fort aie well loaown to those of sldU to the 
art and include, but are not limited to» the followiag: baiomethyi r^iaSi, such as cMoromethyl 
resin or bromome&yl resin; hydroxymefhyl i^ins; phenol reslns» such as 4-(of-|;2,4- 
dimethoxyphenylj-Fmoc-aminome&yJJ^heaoxy re^n; tsrt-alkyloxycarbon)i-hy<h:azid^€d 
30 resins, and the like. Such resins are commescklly available and their methods of preparation 
are known by those of ordinary skill in the act; 
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[0070] Briefly, Che C-tenniaai N-c^protecte4 amino acid is fixst attached to the solid 

support. The N-a'-protectiiig group is th«ix removed. Tte depmtected a-atsiiixo group is 
coupled to ihe activated «-carboxyiats groiip of the next N-oproteotcd amino add. The 
process Is repeated lajtil ihe desired peptide is syothesiaed. The resultitsg peptides are thea 
5 cleaved fl-om the iiisoluble polymer support and the aruino acid side chains deproteoted. 
L-orsger peptides can be derived by condensation of protected peptide fragRnerite, Details of 
appropriate chemistries, resins, protecting groups, protectai amino acids and reagents are 
well known in tlie art and so are not discussed in detail herein (See, Atlierton el ai, Solid 
Phase Peptide Synthesis: A Practical Approach, WL Press (1989), and Bodanszky, Peptide 
1 0 Chemistiy, A Practical Ttaabook, 2^ Ed„ Si«iQ^-Verlag (1993)). 

ni. Production of Aatibodies to Vp28 polypeptides of the Invention 
[0071] Antibodies agairst Vp28 pojypeptids^ of the present invention can be obtomed from 
a variety of sources. These antibodies may bditatOiiaUy occiaring antibodies that require 
isQlatioa,ptttifi«^on, and preferably, >qtiaaMca13£m. These antibodies may also be artificial: 
1 5 tbfey msy he iMmenc antibodies or aa^bo^^es r«coiabiBaatiy prodiKJcd, incluJng slagfe 
d!idn Mtibo^es (SoFv). 

A. Nataa^iy Occurring Anl^bodies 

L BroductioH of Antibody t^MBesiiredSjpec^ 
[00721 M^ods for producing polycionat mi monoclonal ^bodies that react specifically 

20 with an immunogen of intesnsst are fcaown to &o«k of in the act (see, e.g., Coligan, 

Current Protocols in Immunology Wiley/(5reme» NY, 1991; Harlow and Imsi^MmoSes: A 
Laboratory Marmal Cold Spring Harbor Prttss, NY, 1989; Stites a/, (eds.) Basic and 
Clinical Immunology (4th ed.) Lange Medical Publications, Los Altos, CA, and references 
cited therein; Goding, Monoclonal Antibodies: Principles and Practice (2d ed.) Acadeinic 

25 Press, New York, NY, 1 986; and KoMer and Milstein Nature 256:495-497, 1975). Such 
techniques include antibody preparation by selection of antibodi&s from libraries of 
recombinant antibodies in phage or similar vectors (see, Hose et ai, Science 246:1275-1281, 
1 989; and Ward et al.. Nature 341 :544 .54^, 1 989). 

[0073] In order to produce m antibody wife desired ^ecifioity &>r a Vp28 polypeptide of 
30 this invention, a naturally occurring polyp^tide, eg., one comprising SEQ E) N0:3 or 4, 
may be isolated from WSSV infected cells and used to ioMUiTnke sait**le ^imals, e.g., mice. 



20 



wo 2005/023992 



PCTAJS2004/02943* 



rabbits, or primatevS. A standard adjuvant, such as Freund's adjxivant, can be used m 
accordance vAth a standard immunization protocol. AltematiYeiy, a synthetic peptide deri vsd 
from that a Vp28 polypeptide can be coajagated to a carrier protein and subsequently used as 
an immunogea. 

5 [0074] Thearurnal'sinmmere^onseto&eiiflmuiMJgen 

takisg test bleeds and deterrainiog the Qtec of reactivity to the sotigexi of interest When 
appropriately lixgh tilers of antibody to the antigen are obtained, blood is collected fix>ni the 
animal and antisera are prepai ed. Fuitlier fracticaiation of the anrisera to enrich antibodies 
specifically reactive to the antigen aad purification of the antibodies can be accomplished 
1 0 subsequently, see, Harlow and Lme, s^pra, aaad general descriptions of airtibody piaafication 
offered below. 

[0075] Monoclonal antibodies inay be sfetained asnig vmous teelialf^ iairalai? to those 
of skill in the art. Typically, spi6m; Ge^ ;:it»BS;an: animal i antigen 
are inunortalized, commonly by &m>sk witfc amyeloroa cell (ge«, Kaki^ aad Mtlstean, Eiir. J. 

15 Immunol. 6:51 1-519, 1976). AlteiwadvsnateitGWls of immortaliaatit^a include, e.g., 

transformation with Epstein Barr Vitas, otusogent®, or retrovkuses, or othesrsfte^ltods well 
known in the art. Colonies arising team single innnonteiized celj^ aare se^eesed Ibr production 
of antibodies of the desired specificity and affinity &r ftie antigeaa^ m& flie yield of the 
monoclonal antibodies produced by suc^ :ce^$ m^y be eslianced by vanous teel^ 

20 iQcluding injection into the peritoneal cavJ^y af a vertebrate bost. 

10076] Furtliermore, antibodies against Vp28 polj^jeptides of ttie present invention may be 
produced by eggs discharged ftcm mmals that have been immmiized by admlmstration of a 
Vp28 polypeptide. The preferred animals include birds, such as chickens (particularfy laying 
hens), ducks, turkej^, etc. The Vp28 jpolypepiide may be delivered into animals by, 

25 intramuscular injection, subcutaneotts injet^oa, intraveaaus injection, or oral admimstraticai. 
The amount of polypeptide injetied m^ty j&om 10 jig to 1 mg or according to ttie 
conditions of the animal, and the poJypi^^de :is administered iiepil^^ amount of 

antibody in yolk reaches its maxiiat^ l&e antibodies agaiast VpSB polypeptide can be 
purified from the eggs according to ccmvsenlioiial antibody isoMoa methods. The eg^ 

30 themselves may be used as sources of ^^bodi^ in dried, powdered, m aqueoos form. The 
detailed description may be found 'm WO tt3/070258, which is ineoxpoifated hereby in the 
entirety. 
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[9077| Additionally, monocloHal antibodies may ai^o be recornbiiiiauly produced upon 
identificatiox) of nucleic acid sequences encodxflg m antibody vdth desii-ed specificity or a 
binding iragrnsnl of such antibody by soreening a human B cell cDNA library according to 
the general protocol outlined by Huse ef £r/., supra. A mcwe detailed description of antibody 
5 produef&Hi by xecombinant methods cm be f<m& m a later sedson. 

2, Fi8riOc;stio!i of Aaubodies 
[0078] Staridard nsethods for protein purificaiion, such as those described in aa earlier 
seettcai, afe statable forparijacation of ai^fflbodi** against Vp28 polyp^tides of fee inv^itiofl. 

Artitlcialiy Frodncetl Aniibodiea. 

10 i. C3e«era! Apj>roaches 

[0079] Besides naturalfy-occurring antibodies, artificially produced antibodies may also be 
used to practice the present invention. The general methods for recombinantly producing 
antibodies with desired specificity are laaowa to^ tliose sfciUed k tiie relevant ait and are 
described in Bm»ei«ns pubKcatieflis, See, ?,g^, 0.S. Ps^srit No. 5,665,570, Briefly, ^ j^snes 

15 encoding aa stntibody with desired ^^f^ectficity cm be id^ttfiesd by screeaaing a B cell oDHA 
library using various cloning tedtraiqusss, a cioning mdhodbssed on polytncaFase chain 
xeaciion (.PGR), and subseqn^y expressed in suitable host ceils. For a g«oml description 
of x©G<»al«i^t 0HA teclmology, see^ e,g,t Bfm\mok mi ^smsSi^MoleaiUtr Cloning: A 
Laboratory Manual 3d ed. 2001; Krieglar, Gme Tmmfir and Exgres^n: A Laboratory 

20 Manual j 990; and Ausubel et al., Curmtt ProtocoU in Molecular Biology 1 994. 

[0080 j Another means for recombinantly producing aattbodies with dc^red specificity 
relics oa the cbtroeric aatibody teclmology. Generally, the genes encoding the variable 
regions of a non-human monoclonal antibody (e.g., a murine antibody) axe cloned and joined 
with the coding sequences for human constaiit legions to produce tlie so-called "humanized" 
25 antibodies. See, e.g., U.S. Patent Nos. 5^02,167; 5,607,847; 5,773,247. Such humaaized 
chimeric antibodies produced by host celfe JKe jfuitable for coas^ctaig i&e claimed liquid 
IgG and IgM calibrators. 

2. Transfection and Expression 
[0081] Various transfection methods, host ceil iines» and expression vectors aie suitable for 
30 the expression of a recombinant antibody. Detailed description for tbese subjects can be 
found in an earlier section where recombinant production of Vp28 polypeptide is discussed. 
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3. Ftsriikation of Recombisaut Autibodies 
10082] The recoinbiuant arttibodi.es may be pxirified to substantial paiity by staiidaid 
tecbRiques as described above, iudadmg selective preeipit^os with such suixstances as 
ammoniuiTi sulfate; ookmn cliromalography, gel filtratioTi, iinmHnopurification metbtxis, and 
5 others (see, e.g., U.S. Patent No. 4,6'7;'5,C}4i; Scopes, Protein Fterificaiion: Prinmplesand 
Praciice, 1982; Saaibrook and K.MSseil, swpra; and Aiusufejisl et al., supra). 

IV. Adiakiistration of yp2S Polj^ptides or Tbeir Astil^odies 

A. Arfm^isMw by Feeding 

[0083] Vp28 polypeptides of tibe invention or ^eir anybodies cm be administeared to the 
1 0 aniinals, e.g.. shrimp, by feeding. In such embodiments, the polypeptide or antibody is 

preferably fc«mulM«l in aaiatBier that ptotecSEs ttie polj^ttde or antibody ftom degradation. 
A nuix^er of sudi form«4^oiis ems d^^bed in the axt For escan^le, a Vp28 polypeptide or 
a Vp28 «8tibady <jaabe fed to flys »aimals as apr«p«ration in which ife&polyp^tid© or 
^tibody i$ patpared as an emuIsioa> e,g., assodated wi& oa-bodies, Sacb pr^arations have 
15 been described, e.g., iu U.S. Patent Nos. 5,948,682; 6.146,645; and 6,210,742. 

[0084] Tbe araoimt of Vp28 polypeptides or their antibodies adiniaistered by feeding can 
vaiy, but is typically present in an amount from about 0.5 grams to 500 gj ams/ton, and is 
often preseaat in an amount fix>ni ^out Igram to 100 gtmns/ton, typically from 5 to 25 or 50 

20 [0085] Vp28 polypeptides orthirfr antibodies can be adajHiist^^ 

of growth. Preferably, the polypeptides or antibodies can he administered at my time afte^ 
ihe animals leave the hatchery where ihey are likely to be exposed to WSSV. 

[0086] The feed containing Vp28 polypeptides or thedr antibodies Is provided to the shrink 
at regular mtervals to maintain protection. For example, for shrimp ^at are at stage PL! 5 or 
25 above, the feed is preferably ^vea three to four tim^ dailjr, for larger animals, tlie feed is 
given at least as often as twice daily. Typically, tbe feeding frcqneacy is not less than caice 
daily. 

B. Administration by Recombinant Algae 

[0087] An alternative method for administering Vp28 polypeptides or recombinant 
30 antibodies of the present invention is using a delivery system of recombinant algae, as 
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described by TJ.S. Patent Applicatloia No. 2003002 2?39, hereby incorporated In the entirety. 
Briefly, the delivery system is atrausgenie algae tlist consprises a txansgeiie which comprises 
a polyriucieotide mGodisg at least ooe pepride, for example a Vp28 pob/psptids, and a 
promoter for dxivirig expression of the poiiuucieotide m the algas. Preferably, the traiisgene 
5 &5lher corjiprises a terminator that temiitiates trariscription, md all oiiiei- gexietlc elements 
required for transcxiptioa. I'he transgenic algae prefesrably MQxsr expresses tixe peptide. 

[0088] The delivery of the recombinant Vp28 polypeptide of antibody may be achieved by 
oral adtaatjistration of a trarxsgernic alg^ d^ciibed aboy«, or laaufitsaon of flie animals being 
treated iftto a suspension comprising water and the transgenic algae. 

100891 The followiiig examples are provided by v/ay of ilhistration oB.ly as^d not by way of 
limitation. Those of skill in the art will readily recognize a variety of non-<aiticai parameters 
that could be dianged or modified to yikM ^maldMy siaular results* 

IS fOffiJOl The fbrur major aodeoc^d mvelope piotems &om WSSV were ei^luated. 
BssAi protein was modeled using (ha MacVector software package for primary and secondary 
stocUiral motife. Predictions b^ed oft the toino acid sequence of each protein w<a-e 
examined for secondary stnictuxal features using multiple predictive algorithms. The results 
&om each of the predictive techniques were averaged and tliis iBfo-ntiation, along with 

20 additional predictive information on hydrophilicity. s-uefacs probjibiiiiy, fiexibiiity, arid 
antigenic index were Bsed to select portions of each protein lo bs expressed in the fusion 
system. The portion of each viral protein that may potentially interact with a cellular receptor 
in the viral host is likely to be exposed on the surface of the protein. In additiori, the 
inieractive poxtiofi of each protein is iikeiy to be coiitaLned on a single structitral doniain. By 

25 using the predictive information, likely portions of each viral protein that would be expected 
to interact with a cellular recejjtCME :^|ected. 

[0091] Proteins were expressed fee PurfePro Caulobaeter Expression Systems from 
Invitrogen Corporation. This systssais ^as thd potential for a very level of production, 
approacMng one gram of expressed jwafieta per litar of Cttltare m.ed3a. Has is m advaitage, 
30 as large amomits of protein are reqijked M c<»amercial use. The s:^tem also secr^es the 
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proteiii into the culture media, whers it can be readily couceriti-Jited and purified. Fistcer, 
Caulobacler gjows well la vay iaexpeasive medivma, tih«s reduciag productioa costs, 

[00^2] The expre^ion jirotocol was modified to esnploy slmidard feimeutation equipment 
to make the expired protein Smon a$ a sei^ted soluble piot&io, which eliauijates or 
5 simplifies solubilization, reajtftaatio^u md i«aificatioa of the tsqiressed jfosion protdns. 

ExaiBpIe 2. laMbilS^n of WSSV inf^ctiQ^ using Vp28 protein fragments 
[0093] MttbitioiiofWSSVinfe<>dont»^Vp28J&agm«itsv^ A 
total of twelve 9-lttaf plastic sqimia (31 ppt saliruty, 3(rC) are used to fao»se the aaiaials 
firom the time they are received until the time the experiment is terminated. The tanks are 
10 distributed randomly between two separate rack systems, each with its own conmioa watca: 
recrirculaticsa sjretan. In addition to the test groups, two sentinel tanks and two positive 
control tanks are used to monitor the potential escape of the pathogen from the eKposed tanks 
and to ccmfinn the vimlence of tfae viru9, resgpw!tsti.v>dy. 

[0094] Six expenm«JtaI feeds westt produced for lis© in the bscmsay, Twovir8ifi»sa<»i 
15 ptatcujs, one contaMnr^ & fragment of Yp28 tod oat coutaimng a fia^HKsat of Vp35 were 
used alo^ or m cotubihajdon at two tja^et^ concexitratitHis to pxq^am m extmded feed. 
Jiivaaiie Pemeas vammm wo© &d liie ess^jeriraaotal feed fbr 72 hot»s prior to infection of 
tissue. 

[0095] WSSV infectivitiy is tested as follows. Tlie water recircwJatiou system is turned off 
20 and an Jimount of feshly prepaj-wi W.SSV -positive shrimp tissue equal to 5% of the total 
biomass of the tank is added. The shiimp are allowed to feed on the infected tissue for 2 
hoiirs prior to the water recirculation system being restfa1:ed. Nearly ail of the tissue is 
typically consumed within the firet few minutes; however, the shrimp are incubated furtfiei- in 
the still water for maximum contact. This proc^ is performed on lihree consecaUve days. 

25 [0096] Following exposure of the shiimp to WSSV-inf€»ted tiissue, wafer is ex<dianged at a 
rate of 4.5 liters per hours {i;ZOO% diatige par day). Temperature is maintained at SO^C. 
Sliriinp are continually fed either tiie experiiseatal or control diet as appropriate following 
pathogen expasure. The animals monifesred twice daily for a period of 14 days tor 
feeding pattern changes, ait€a»dbdiavi<3r^ mtaphologicM<totjges, mi dea&s. Morilsund 

30 shriinp are removed from fee tanks and &02m ^ ~WC ht sabS2s<pjeaat PCR analysis. Upon 



25 



wo imsm^mi 



PCT/US2004/029438 



teiTKUjation on day 30, all sarviviBg sferLtttp are counted, sacrificed aad archived for 

sisbsequeoE PGR aiialysis. 

10097] The results demonstrated that shruap fed a diet coutaiuijxg the expressed Vp28 
fira^Kit fusion protein i«CDtected i^emp &om WSSV infec^o». An aveiage of §0% of fhe 
5 ^brimp in tbe tanks 0M4recdvedeifl!fflr25graTO5p«artcraor5gr«rnspertonoflhe Vp28 
fijsion surviv^ed whexeas less tb^ 25% of the contmi shrimp survived. The Vp35 fusion 
proteins did not exhibit any protective effect gainst WSSV chaflenge. Those aoimais that 
receive a mixture «f &e yp28 and yp35 JuskHi proteins is &e feed ako exhibited enhanced 
snrvival relative to controls. 

10 Example 3. White Spot Syndrome Vims Challenge 

[0098] Pacific white shrimp (Pene^ti^ vaniiamei, average weight 5 grams) were divided 
into groups and hold in 9-liler flow through tank*: on an Aquatic Habitats rack systeix-. Tliere 
were between 4 to S Jrnimah; each Umk, md 3 taaks in eadi gxoop. Ailiiicitil sea sails were 
dissolved in Hauo pinx dirtiHt-d w»ter to a t'mal salmity of 28 ppt arid held at 28 ^C. Shrimp 

15 were pkiced in liine tank? and fed with one of three different feeds. The control feed was 
Zeigle? Bfothors SI-35 grow-ouc feed. The two experimental feeds v/ere made in the 
lal ;-.->■ iifofy usmg rasllefi Sr-35 ;is a base. The IgY feed hud anli-Vp28 IgY added at 0.1%. 
The Vp28 feed was made by adding ttse raw both from CI' Keico run AB049O3 at 40 ml/kg 
(esti«iaied Vplt fusion o(Hic«rtica1aon of 10 to 40 grams/metric ton of feed ftaal). In tds 

20 experiment, the Vp28 fiision is a recombinant polypeptide of Vp28 fragment IE (SEQ ID 
N0;4) fused wi& the surfitoe smay profean RaoA fiom Canlobacier cressntus produced by 
Invitrogeai's PjKePro CaEulobacttsrExpre^on System, Anti''Vp28 is an antibody against 
Vp28 fiisio» raised in <*ftckea Th*? bKKflx had been stored fixtaen Sea: gix mtait^ and thawed 
slowly bef(a» use. Western blots of &e ftawed broth and &e l^dc-escttacted final feed shows 

25 that the fusion is 90% intact. The shrin^ were challenged by exposure to WSSV as 

described in Example 2. The survival of <^erent groups feat bad been give© (Sfiferent feeds, 
10 days after the initial WSSV expttsm* and 7 days after the final «xpo$»re, is shown in 
Figure 2. 

[0099] All patents, patent j^pHcaHons^ esid other publications cited in this application, 
30 including published amino acid or polynucleotide sequencer, are incorporated by reference itt 
the entirety for all purposes. 
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TABLE OF SEQUENCES 

SEQIDNO:! audeic acid eacoiiliig Vp28 Ca)S323,J^37 
Accession uuniber AF173993 



1 


aatgaaacca 


cccaagagag 


eaaaacfctcfc 


tceeeaafiiaa 


tctcctcgac 


accaactaca 


61 


tattctggca 


gctcaaocag 


cagaggtcoa 


ggttctggat 


ct^gaaaeaa 


acccaaagat 


121 


gacacatccg 


ttgaaggaat 


agaccctgge 


ttactgtaac 


agaaaaaaga 


gtaaaaggcg 


181 


acagctcgct 


tgccaattgt 


octgttacgt 


aotctctggir. 


ttcacgaggt. 


tgtcatoacc 


241 


aaaggtaacc 


tttttfctttg 


tccfecgccga 


caaaacgaca 


tcfctaataac 


caagcaacgt 


301 


tcgataaaga 


aaaaaactcg 


tcatggatct 


ttctttcact 


ctttcggtcg 


tgtcggccat 


■^en 


ccf.ogccat-.c 


actgctgtga 


fc5;gctgtatt 


tattgtgatt 


tttaggtatc 


acaacactgt 


421 


gaccaagacc 


atcgaaaccc 


acacagaoaa 


tatcgagaca 


aacatggatg 


aaaacctccg 


481 


eattcctgtg 


actgctgasg; 


ttgaatoagg 


ctaetteaag 


atgactgatg 


tgtioctttga 


541 


cagcgacacc 


ttgggcaaaa: 


:fccaagatccg- 


caatggaaa^ 


tcbgatgcao 


agatgaagga 


601 


agaagatgcg 


gatcttgfcea 


tcactcccgt 


ggagggccga 


gcactogaag 


tgactgtggg 


661 


gcagaafcctc 


adctttgagg 


gaacattcaa 


ggtgtggaac 




gaaagatcaa 


721 


catcactggt 


atgdagatgg 


tgccaaagat 


taacccatca 


aaggcctfctg 


tcggtagctc 


781 


caacacctcc 


tccttcacec 


ccgecftctat 


tgatgagigat 


gfaaigttggca 


cctttgtgtg 


841 


tggtaccacc 


tttggcgcac 


caats;gcagc 


taccgccggt 


ggaaatcttt 


tcgacatgta 


901 


cgtgcacgtc 


acctactctg 


gcactgagac 


cgagtaaata 


aatcgtgctt 


ttttatatag 


961 


atagggaatt 


ttaatattac 


aacaataaga 


aaataaaaea 




tttataccat 


1021 


attttattga 


cctacttaac 


ctjtcfctgcta 


tacaatgaat: 


gtttaagtga 


ctggaaaagt 


1081 


ttagcaatat 


tatccttgaa 


sgggaaacat 


gcaccaatta 







SEQ DO NO:2 Vp28 fulWenjgtb f ©Jj^eptil^B seiftuenc^ 
MDI^FTIi!WSAIIJJTAmVFMltYI^NT^^ 
25 GSGYFKMTDVSFDSDTLOKimNOKH)AQMKEEDADLVn^ 
FEGTFKVWNOTSRiaHrrGMQMWO^SKAFVGSSm'SSF^^ 
TFGAPIAATAGGNm)MyVHVTSrSGfE^B 
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SEQ m NO:3 yp28 polypeptide iragment 4C (107-150 of SEQ lO N0:2, 44 a.a.) 

ALEVTVGQNLTFEGTFKVV/^^TSRI<DMTGMOMVTm^ 

SEQ ID NO:4 Vp28 polypeptide fragimtit IE (28-04 of SEQ ED N0;2, 87 a.a,) 
KYHN'n''mTffiTHTDNIBTNMDENimPVTAEVGSGYFOOT 
5 K:&DAQMKEEDAi:>JLVlTPVEGRALeVTVGQ 

SEQ ID NOiS Vp28 poJypepti^ frs»g»i«ttt SA (102-204 of SEQ ID N0j2, 103 a.a.) 

TPVSroEBEV(3WCGTrFGAPIAATAGGNLFDMYVHVTYS<^^ 

SEQ m NO;^ Vp2B polyp^tWe lrsigat««t 6A {150-264 ef SBQ H> N0t2, 55 a.a.) 

SEQ £D NO:7 yp28 polypeptide fragmeat 3E (28-204 of SEQ ID HOr2, 177 
KSDAQMjTODADLVm'VBOJlAIEVW 

KINPSKAFVGSSNTSSFTPVSroEDEVGTFVCGTTFGAPIAATAGGNLFDMYV^ 
15 GTETE 

SEQ ID NO:8 Vp28 fragment 2D (28-150 of SEQ ID N0:2, 123 a.a.) 
R\Tm'VTKTffiTI-ITD]^TmiDENIiUPVTAEVGSGW 

KSDAQMKEEDADLVriPVEGRALEVTVGQNLTraGTFKVWNNTSRKIMTGMQM^ 
KINPSKAFV 
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1 1 . An isolated polypeptide coniprisiiig a Vp28 peptide thai eonsisls of an 

2 amino add sequence of at leaat 44 contij^oi^s amino mMs, of positiotis 28-204 of SEQ ID 

3 ND:2, vfbexmt the polypeptide inhibits WMte Spot Syudmme Viios (WSS V} inlection of a 

4 amtacemu 

1 2. The isolated polypeptide of daim 1, whearein the Vp28 p^tide 

2 comprises at least 50 contiguous amino acids of positions 28-204 of SEQ ID N0:2. 

1 3 . The isolated polypeptide of claim 1 , wherein the Vp28 pqjtide 

2 comprises at least 100 contiguous gnafao adds of positioijs 28-204^^^0^ 

1 4, The isolated polypeptide of claim 1, whereixs the Vp28 pt^ptide 

2 comprises SEQ JD N0:3, SEQ ID N0:4, SEQ ID N0:5, SEQ ID N0:6, or SBQ ID N0:8. 

1 5. The isolated pofypeptitle of claim 1 , wherein the yp28 peptide consists 

2 of the amino acid sequence of SEQ ID N0:7. 

1 6 . The isolated polyp^tide of claixa 1 , wherein the crustacean is a 

2 tmii&im of'Sae genus Penaeus. 

1 7. An isolated nucleic acid encoding a polypeptide comprising a Vp28 

2 peptide that consists of at least 44 contiguous amiso acids of positions 28-204 of SEQ ID 

3 N0:2, wherein the polypeptide inhibits White Spot Syndrome Virus (WSS V) infection of a 

4 crustacean. 

1 8. The isolated nucleic acid of claim 7, wh&emi tfbiSf Vp2S pejjtide 

2 comprises at least 50 contiguous amino acids of positions 28-204 of SEQ ID N0:2. 

1 9. The isolated nucleic acid of claim 7, wh«srdtt file Vp28 peptide 

2 comprises at least 100 contiguous amino acids of positioas 28-204 of SEQ ID N0:2. 

1 10. The isolated nucleic acid of claim 7, wheresjn the Vp2B peptide 

2 comprises SEQ ID N0:3, SEQ ID N0:4, SEQ ID N0:5, SEQ ID N0:6, or SEQ ID N0:8. 

1 11. The isolated nucleic acid of claim 7, wh^arein tfie Vp28 peptide consists 

2 of the amino acid sequence of SEQ ID N0:7. 
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1 12. The isolated micldc acid of clami 7, whqcean tfee crustaceaa is a 

2 member of the genus Penaeus. 

1 13. A method for inhibiting White Spot Syndrome Virus (WSSV) 

2 iafection of a crustacean, the meflioa ixmpsm^ atoicistering to the crttstaoeaa a 

3 polyp^fide comprising a Vp28 p^de ibit eoaamts of an amino add seqiience of at leas* 44 

4 contiguous amino acids of positions 28-204 of SEQ ID N0;2. 

1 14. The method of cfaini 13, whsrsiri the Vp28 peptide comprises at least 

2 50 contiguous amino acids of positions 28-204 of SEQ ID N0:2. 

1 15. The me&od of claim 13, wherein tiie Vp28 peptide comprises at least 

2 l(k) contiguoiia amino acids of postitais 28^-204 of SEQ ID N0j2. 

1 16. The meaod of claim 13, whereaa the V|j28 |>e|>tide campxi^ SEQ ID 

2 M0:3;EBQiEjM6:4,SEQroHO:5.SEQ1DNO:6,Q^ 

1 17. Tiis method of claim 13, wher<anlijeVp28 peptide coitsaste of the 

2 smiiib add sequence of SEQ ID NO:7. 

1 18. The method of claim 13, wherein tiie administering comprises feeding 

2 the polypeptide to the crustacean. 

1 19. The method ofcMm 13, whfiffdntl»cnatstacean is a member of the 

2 genus Penaeus. 

1 20. A method for inhibiting WUto Spot Syndroms Vims (WSSV) 

2 infection of a crustacean, the method comprising admiaistsring to the crustacean a 

3 polypeptide comprising the amino acid sequence of SEQ ID N0;2 

1 21. A teed for a cnistaceaEi, wherein the feed comprises a polj-'peptide as 

2 set forth in claim 1 or a pol>'peptide comprising the amino acid sequence of SEQ ID N0:2. 

1 22. The feed of ckim 21 , wherein ti^ crustacean is a member of the genus 

2 Penaeus. 



30 



wo 2005/023992 



m 



I>CTAJS2004A)2943S 




Experimental Feed 



FIGURE 1 
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Survival ^^sfc WSSV ehallenge 




C6nin){ igi yfjm 

Feed Type 



White Spot SyndKMse Virus CSiaU^ge 

Paaiic white shrimp (Peneaus vauname!, avg wt 5 gr ) were hcXA in 9-liter flow thrsHi^i; 
tanks osn m Aquatic Habitats rack system. Artificial sea saiLs were dissolved in Naao 
pure distilled watsr tn a final salinity of 28 ppt and i^iCid at 28 degrees Centigrade. 
Shrimp weSB placed into tiiiie Usnks and fix! crher of thsec different feeds. H&e tsoatioj 
feed was Zei^^ Bfothere SI-3;) gmw < - it f'x d The ?wo expcrinieiifai feeds were 
in the laboratory using milled Si-35 as a bait; 'Hic IgY fe^d twd a^Ji-Vp'iS IgY added a 
0.1%. The Vp28 feed was made by adding tiv. raw bsolh :Vora CP K.elco run AB04903 at 
40 ml/kg (estinnated Vp28 fission conccntralici. iO io 10 gr;ui-ii/mstric ton of feed 
final). The broth had been stored frosen for six months and thawed slowly before use, 
Wes^nt blots of the tow«d l>roti> th& back-extracted final feesd shQW$ that the fusion 
is 90% intact PGR analysis of mortsBii^ and survivcasi &c& peftding. 



Figure 2 



